the water bodies and make them unfit for many useful purposes (Mariraj Mohan and Vanalakshmi, 2013; Samuel Rajkumar and Nagan, 2011; Gayathri et al., 2013; Palanisamy et al., 2007) . The Kalingarayan canal near Bhavani town receives wastewaters at different places from industries along with domestic sewage (Mohanakavitha and Meenambal, 2013) . To study the impact of the industrial effluents and domestic sewage on the quality of surface water in the Kalingarayan canal, water samples were collected from some areas and the samples were analyzed for various physicochemical parameters. The quality of groundwater is influenced by natural and anthropogenic activities (Farooq and Ustad, 2015) . Chandan et al. (2013) made a study to identify the causes, status, impacts and degree of water pollution of Buriganga River. From the assessment, it is revealed that the river water was highly polluted by both natural and anthropogenic activities (industries and agrochemicals). Thoker et al. (2012) discussed the impact of dye industrial effluent on the physicochemical characteristics of Kshipra River, Ujjain City, India. They made an assessment of water quality being polluted by the effluents. The parameters selected for the study were pH, temperature, electrical conductivity, total solids (TS), total dissolved solids (TDS), total suspended solids (TSS), dissolved oxygen (DO), chemical oxygen demand (COD), total alkalinity, total hardness and chloride content. Tenagne (2009) studied the impact of urban storm water run-off and domestic waste effluent on water quality of Lake Tana and local groundwater near the city of Bahirdar, Ethiopia. From the result found during the study period, major conclusions were drawn. The run-offs collected from areas where hotels and other commercial centers are located have an elevated value of nitrogen and phosphorus which are excessive in the concentration that causes eutrophication of the lake. Spatial variation of groundwater quality depends on the geological formation through which it flows and on anthropogenic activities in the groundwater basin 2011a; 2011b; Venkateswaran et al., 2012; Kawo and Shankar, 2018; Mohanakavitha et al., 2019b) . Water chemistry analysis can be used as a tool for checking groundwater suitability for drinking and irrigation purposes, numerous studies were conducted in south India (Palanisamy et al., 2007; Geetha et al., 2008; Kulandaivel et al., 2009; Sivakumar et al., 2011; Aravindan et al., 2008; Zahir Hussain and Rajadurai, 2013; Abdul Bari and Vennila, 2014; Abdul et al., 2015; Mahalakshmi et al., 2018; Balusamy and Indrani, 2018; Mohanakavitha et al., 2019a) . Govindarajalu (2003) studied the nature and impact of water pollution in the Noyal river basin in Coimbatore, Erode and Karur districts. The main thrust on the study is on the health status of villagers, agriculture and the livestock population. For this purpose 31 villages and 600 households were selected for the primary survey. To understand the magnitude of the impact of water pollution on the health status of the villagers, three major health camps were conducted. It is evident from the study that almost all the 31 sampled villages are affected by the industrial effluent. Moreover, Kiran (2010) determined the physicochemical and bacteriological parameters that deteriorate the quality of drinking water at the source of Vadgam taluk in Gujarat, India and evaluated for its parameters of temperature, colour, odor, turbidity, electrical conductivity (EC), pH, total dissolved solids (TDS), total alkalinity, chemical oxygen demand (COD), chloride, fluoride, calcium and magnesium. Quality of the sample was compared with drinking water standards of ICMR (Indian Council of Medical Research, 1975) and EU (European Union 1998) . For the statistical analysis, values of mean, standard deviations and correlation co-efficient (r) were also calculated for these water quality characteristics. It is concluded that the quality of water samples is acceptable to the majority of the physicochemical parameters but as TDS values of most of the samples are violating the desirable limit suggested by ICMR, the water should be treated properly before its usage as drinking water to avoid possible adverse effects. From the literature study, it is understood that water pollution cause undesirable changes in the chemical and physical properties of water which are not favorable to domestic purposes. The changes in water quality are due to the physical and chemical characteristics of the effluents received by the canal water. The contamination of water bodies such as lakes, rivers, oceans, aquifers and groundwater causes environmental degradation when pollutants are directly or indirectly discharged into water bodies without adequate treatment to remove harmful compounds Kumar et al., 2019) . The Kalingarayan Canal is one of the historically important sources of water for irrigation in the Erode district. The water in the channel was recently polluted by untreated tannery and textile effluents (Balusamy and Indrani, 2018) . It was therefore decided that a study on water quality and its polluting load is felt necessary to the users of the canal water. The water quality is analyzed for physicochemical characteristics. It was felt necessary to evaluate the quality of the water used in irrigation and other purposes in the Canal. This study assesses the quality of canal water and the impacts of industry effluents. This study will be very useful in understanding the impact of effluent dumping in the Canal and the impact on water quality in terms of irrigation and environmental impacts.
MATERIALS AND METHODS

Study area and its location
The Bhavani River, the second largest river in Tamil Nadu, begins in the Western Ghats upper regions of Nilgiris. In the district of Erode, a small amount of water from the Bhavani River is diverted into a canal called the Kalingarayan Canal near Bhavani Town for irrigation purposes. The Kalingarayan Canal is a 56-mile irrigation canal. The Kalingarayan Canal is located on the western bank of the river Cauvery at 77° 40´ E to 77° 48´ E longitude and 11° 16´ N to 11° 26´ N with an area of 7621 Sq.km ( Figure 1 ). The 750 year old Kalingarayan canal travels about 90 km from Kalingarayan anaicut to Avudayaparai. It was built by Kongu chieftain Kalingarayan and finished in the year 1283. The canal has been designed with a meandering route to maximize the benefit of the land. It is 534 feet above sea level where it originates and 412.40 feet above sea level, where it merges with the River Noyyal. The channel goes through a serpentine route.
The canal connects the rivers Bhavani and Noyyal, the two main Cauvery tributaries. The land survey showed that the area irrigated is 15,743 acres.
Sample collection and sampling procedure
A study was conducted from 2014 -2015 and seven surface water samples were collected from different sampling locations on the way to the Canal, at a stretch of about 35km from Kalingarayan Anaicut to Colony Pudur. Seven stations were selected as sampling points in the Kalingarayan Canal for the season's viz., Pre-monsoon (June, July, and August), Monsoon (September, October, and November), post-monsoon (December, January, February) and summer (March, April, and May). The study area of the canal was the starting place where the discharge of domestic sewage and washing of vehicles, bathing of animals, human activities releasing of municipal wastes as the main sources of pollutants in the Kalingarayan canal (Balusamy and Indrani, 2018) . Hence the study has been carried out to analyze the physicochemical parameters of the canal water. Surface water samples from the Kalingarayan canal were collected from different sampling sites in Table 1 . Two liters of wastewater prior to mixing with the watercourses from each station were collected in thoroughly rinsed plastic containers, labeled and brought to the approved laboratory on a monthly basis. The samples were analyzed using a standard procedure (APHA, 2012) given in Table 2 . The pH of water samples were measured in the field.
Samples were subjected to filtration prior to chemical analysis. The samples were preserved in the laboratory at 4°C and various physicochemical parameters were determined (Tripathi et al., 1990; 2012) . The values obtained for various physicochemical parameters after the analytical study are given in Table 3 . All the samples analyzed were not having any objectionable colour, appearance, taste or odour. Summary of the measured physicochemical parameters and the calculation of the maximum, 
RESULTS AND DISCUSSION pH and Conductivity
All the samples had their pH values between 6.88 to 8.6 and these were well within the permissible limit of 6.5 to 8.5 prescribed for drinking water by Indian standards. The pH of water in the study area is found to be alkaline in nature. The highest pH value was observed in running water into the canal at the two locations Chunambu Oodai and convent school (Figure 2a) in post-monsoon and a significant difference was noted in the observed pH which may be due to the dilution effect (Mohanakavitha et al., 2019b .) The alkaline nature of groundwater is due to chemicals and water-mixed soap from both industrial and residential environments (Radhakrishnan et al., 2007) .
The observed values, however, were well within the safe limit for crop production. EC is a good measurement of salinity hazard to crop when using groundwater for irrigation. A Similar trend was also observed in the case of conductivity. The values of conductivity ranged from 306 to 8280 mmhos/cm regarding the highest conductivity at convent school (Figure 2b ) maybe due to the mixing of dyeing wastewater. The lowest conductivity may be due to the dilution effect of rain water. The conductivity value was found not with in the permissible limit. If the EC value exists at 3000 mmhos/cm, the production of as in almost all crops would be affected and the yield might be reduced significantly (Srinivas et al., 2000; Sacchidananda and Prakash, 2006) .
Total dissolved solids
The total dissolved solids (TDS) of the different sites of canal water samples where the flows of water in the canal were found T. Mohanakavitha et al. /Arch. Agr. Environ. Sci., 4(4) : 379-387 (2019) within the permissible limit (1000 mg/l) of WHO standards. If the TDS value exceeds the permissible limit, the water is not suitable for drinking purposes (Sandeep Arya et al., 2011) . Due to the nature of flow runoff water occur during heavy rainy seasons certain variation may occurred but this variation did affect the irrigation system. The values of TDS ranged from 307.14 to 2778.86 mg/l. The high TDS values of water samples collected in no flow of water into the canal, which is in the Chunnambu Oodai and Convent School (Figure 3 ) in post-monsoon.
These two locations have dyeing units. These also confirm the fact that the discharge of effluents from dyeing units into the canal water may also be the reason for the very high TDS values observed for the samples collected from other locations which are having many dyeing units (Balusamy and Indrani, 2018) .
Total suspended solids
The values of TSS ranged from 3.51 to 47.79 mg/l. Although all the effluents had a higher concentration of total suspended solids, the sewage effluent at the top had very high values (Balusamy and Indrani, 2018) . Spatial-temporal variation shows a high concentration of TSS during the post-monsoon period ( Figure 4) . The suspended solids determination is particularly useful in the analysis of sewage and other wastewaters and is as significant as BOD determination (Kulandaivel et al., 2009) . It is used to evaluate the strength of domestic waste waters and efficiency of treatment units. Suspended solids are objectionable in the canal for many reasons. Suspended solids containing much organic matter may cause putrefaction and may be devoid of dissolved solids. The concentration of TSS at all points was collected in no flow of water into the canal which may be attributed to the direct discharge of domestic and industrial waste. 
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T. Mohanakavitha et al. /Arch. Agr. Environ. Sci., 4(4): 379-387 (2019) Chemical oxygen demand COD test is quite useful in finding the pollution strength of industrial waste and sewage. Chemical oxygen demand is the amount of oxygen required for a sample to oxidize at its organic and inorganic matter (Sivakumar et al., 2010) . The COD value of the canal investigated ranged from 23 mg/L to 179 mg/L. The highest value of COD was observed at point Convent School ( Figure 5 ) could link with the inflow of the dyeing unit's effluent which is being discharged into the canal. The higher COD values in the samples indicate the presence of an increased concentration of industrial pollutants containing inorganic and organic substances, thus showing a greater toxicity level (Balusamy and Indrani, 2018) .
Biochemical oxygen demand
BOD determination is still the best available single test for assessing organic pollution. BOD concentration found in 3.8 to 29 mg/L in all seasons indicating here water is highly polluted. The observed BOD of water samples value was an indication for the entry of organic waste in the canal (Usharani et al., 2010) . The high BOD values suggest more waste product or pollutants are present in Chunnambu Oodai (Figure 6 ). This may be a result of the escape of organic matter into the canal mostly from fecal deposition by the surrounding populace. During its flow, a significant part of its organic matter, originating from domestic sewage and industrial effluents, is carried by canal water (Kulandaivel et al., 2009) . 
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Nitrogen
The nitrogen content in irrigation water is generally considered beneficial, barring the nitrate form of nitrogen (Grasshoff et al., 1999) . It also contained that discharge of ammonium nitrogen and subsequent oxidation that could reduce the DO level in the canal (Khaiwal et al., 2003) . The nitrogen concentration of the water sample ranged from 1.3 mg/L to 4.1 mg/L (Figure 7) . Both phosphate and nitrate are component of agricultural fertilizer commonly used by farmers within the state. These fertilizers may be leached into the soil and river bodies and this may account for significant concentration observed in this study (Rajaram et al., 2005; Ashok Prabu et al., 2005) .
Phosphate
Phosphates are obtained from the rocks converting them into its soluble forms and may also occur in agricultural runoff, industrial wastes, municipal sewage and synthetic detergents.
The high concentration of phosphate is always indicative of eutrophic (Fareed and Abid, 2005) . The phosphate concentra-tion of the canal ranged from 1.2 mg/L to 5.12 mg/L which was found to be above the permissible limit (0.1mg/L). The spatialtemporal variation shows a high concentration in the postmonsoon period (Figure 8) . The maximum level of phosphate was found in the canal water where it receives maximum sewage, domestic wastes and human activities (Saravanaraja et al., 2017) . The use of detergent may increase the phosphate concentration to a great extent. The anthropogenic additions of phosphorus to the canal have a considerable effect on the quality of the water. Such phosphorus is derived mainly from domestic sewage and the runoff from agricultural areas (Usharani et al., 2010) . The quantity of phosphorus in the domestic sewage and land drainage have increased considerably in recent years due to the increased use of synthetic detergents which contain approximately by weight, the inorganic condensed purposes and the detergents would enhance a load of this element. A higher amount of phosphate represent high pollution loads and causes eutrophication of the aquatic body. 
Correlation matrix analysis
The correlation coefficient is the relationship between the variables and the measurement of one variable depends on other variables or not. In order to identify the relationship between the physicochemical parameters of the water samples, correlation coefficients have been established and a large number of significant correlations have been obtained (Helena et al., 2000; Usharani et al., 2010) . A correlation matrix was generated for 8 variables for four different seasons pre-monsoon, monsoon, post-monsoon and summer (Table 4a, b, c, d) . The correlation coefficient ranges between-1 and+ 1. The values found above 0.5 have been highlighted and considered for the relationship study. If the correlation coefficient is between 0.5 and 0.8, a moderate relationship was considered and above 0.8, a strong relationship was considered (Vishwakarma et al., 2019) . It is clear from the results that the TSS was negatively correlated with all variables and was not significantly correlated with any of the parameters in all seasons. During the Pre-monsoon and monsoon ( with Nitrogen; BOD with Nitrogen with Phosphate. The correlation analysis is identified that EC, COD, BOD, Nitrogen, find higher-level correlation significance with water quality parameters in all seasons. It provides a means to monitor the quality of water in an area more easily and quickly. Achuthan Nair et al., 2005 concluded that a correlation analysis and correlation coefficient values can help to identify treatments to mitigate groundwater pollution.
Impact of industrial wastewater disposal on surface water bodies
Effluents if released prior to treatment, harm the water bodies as well as the paths through which they traverse, as the pollutants in these effluents are still in their complex form and can therefore not be degraded by the micro-flora and fauna The leather processing or the tannery industry has very complex by-products as a result of its activities and hence has among its varied components, a high amount of chrome compounds as well as other miscellaneous heavy metals. The textile industry on the other hand has effluents rich in salts such as sodium chloride and sodium sulphate. In addition to these, effluents are also known for their highly objectionable odour. Kalingarayan Canal, the lifeline of hundreds of farmers in the district, now faces fresh onslaught of pollution.
Conclusion
The analysis showed that the quality of the Kalingarayan canal in the study area is significantly affected by the discharge of toxic effluents and sewage water. It is observed that during non flow times of canal water the effluents discharged by the dyeing units and sewage discharged by the near by residences deposits in the canal itself which is cause of the increase pollution. Due to the discharge of sewage, domestic wastes and human activities the phosphate load in canal water exceeds the permissible limit.
Since the sewage mixes with the canal, the canal water cannot be used for irrigation and drinking purposes. Regular monitoring of canal and taking suitable remedial measures like collection of domestic sewage and setting up the common treatment plant before discharge of sewage into canal. Wastewater should be treated. This will control pollution and prevent the depletion of the quality of canal water.
